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ABSTRACT

Theproliferationof dataexchangeonthelnternetpresents

achallengdn thefield of copyright protectionastheunau-
thorizedduplicationanddistribution of multimediadatabe-
comeeasier Digital watermarkinghasbeenproposedto
solve the problem. However, mostimagewatermarkingal-
gorithmslose synchronizatiorunderrotation, scalingand
translationoperations.Several papershave beenpublished
to addresghe problem. Most of them usemethodsin the
Fourier transformdomain. In this paper we proposean-
otherapproachutilizing circular Gaussiarfilters. Experi-
mentalresultsaregivento demonstrat¢he effectivenesof
our algorithm.

1. INTRODUCTION

In thelasttenyears theInternethasgrown rapidly. This
fact,combinedwith thesuccessf personatomputersmakes
the piracy of multimediadataeasierandthereforepresents
achallengen thefield of copyright protection.As a possi-
ble solutionto this problem,digital watermarkingwhichis
embeddingopyrightinformationinto thedata,hasdravn a
lot of attention. However, mostimagewatermarkingalgo-
rithmsfail whentheimagegoesthroughgeometricatrans-
forms, suchasrotation, scalingandtranslation(RST). The
reasoris thatgeometricatransformsestry theimagesyn-
chronizationwhichis vital to mostwatermarkingalgorithms
[1, 2]. Severalmethodshave beenproposedo addresghis
problem[3, 4, 5, 6]. Most of themusethe translationin-
variantpropertyof the Fourier transformmagnitudecoefi-
cients.In this paperwe presentanotherapproacthasedon
circularGaussiariilters.

The restof the paperis organizedasfollows: In Sec-
tion 2, we review the propertiesof circular Gaussiarfilters.
The algorithmis describedn Section3. Experimentalre-
sultsaredemonstrateth Sectiond. At theend,we present
conclusionandcommentsn Sectionb.
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2. CIRCULAR GAUSSIAN FILTERS

A 2-D filter is calleda circular filter if its impulsere-
sponseh(z,y), satisfieghefollowing requirementif =% +
y; = x5 + y3, thenh(zy,y1) = h(z2,y2). If we apply
acircularfilter to animageandsortthe filteredimageinto
anorderedvector assuminghatwe disregardtheboundary
situations,it is obviousthatthe orderedvectoris the same
regardlesof therotationandtranslationof the original im-
age.

The2-D Fouriertransformof function f (z, y) is defined
by [7]

F(u,v) =F(f(z,9))
= [ 700 [ oo f(@,y) exp(—j2m (uz + vy))dﬂidz)/-
1
TheinverseFouriertransformis then[7]
fz,y) =F_H(F(u,v))
= ffooo ffooo F(u,v) exp(j2n(uz + vy))dudv.
2)

Oneusefulpropertyof the Fouriertransformis thatscaling
in theoriginal spatial/timedomaincausesninversescaling
in thefrequeny domain.If F(f(z,y)) = F(u,v), then

F(f(ka, ky)) = TR0

3)
ThecircularGaussiariilter is a specificclassof circular
filter. Its impulseresponsés
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))/(2ma?). (4)

9(z,y) = (exp(—

It is well known that the Fourier transformof a Gaussian
function is still Gaussian. The Fourier transformfor the
functionin equation(4) is

G(u,v) = exp(—2720?(u® + v?)). (5)



Furthermore,assumingg(z, y) is a Gaussiarfilter as de-

scribedby equation(4) andG(u, v) is its Fouriertransform,

if

z* +y° .
ooz /@), ()

wheres* = ko, thenits Fouriertransform

9" (z,y) = (exp(—

G* (u,v) = G(ku, kv). (7)

Therefore scalingthe parametenf o of a Gaussiafilter is
equivalentof scalingits frequeng response.

3. ALGORITHM

A circular Gaussiarfilter
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go(,y) = (exp(—

is appliedon animageIy(x, y), andthe resultingimageis
Ro(z,y). AssumingEj, is theenepgy of Iy(z,y) and Eg,
is the enegy of Ry(z,y), we candefinethe enegy factor
aﬁo = Eg,/EI,. If theimageis spatiallyscalecby afactor
k,le.,

I (kz, ky) = Io(z,y), 9)

we know from Section2 thatby usinga circular Gaussian
filter g1 (z,y) = (exp(— w’;:%f ))/(2wo?), whereo; = ko,
we can obtain a resultimage Ry (z,y) that producesthe
sameeneny factor (i.e., a5 = Eg,/E;, = aj°). Al-
thoughthe above derivation is for analogimagesand fil-
ters, their digital counterpartgollow the samerelationship
closely giventhatreasonablénterpolationis used.

To embeda watermarkin a grayscaleimage,first we
normalizethe size of the imageto remove possiblescal-
ing effects. Givenimagel anda presetenegy factorrange
[@ — €, a + €], we adjusto of a circular Gaussiarfilter to
producea resultingimage R thatgivesan enegy factorin
thatrange.Usingo andapresetvariables*, we decidethe
scalingfactork* = o* /o andthenadjustthe size of the
imagel*(k*z, k*y) = I(x,y).

Secondye applythe Gaussiarfilter

2 2
g"(@,9) = (exp(- =) 2n0™)  (10)
on I'* for n times. The differenceimage D of thenth and
the (n—1)th timeis computedThelocationsof pixelswith
largeamplitudesn D areusuallythelocationsof dominant
edges.Theseocationsaregoodplacesto embedthewater
mark sincehumanvisual systemsarelesssensitve around
theedgesWe applythe Gaussiatiilter severaltimessothat
the locationsof dominantedgesare selectedwhile the ef-
fectsof shortedgesandnoisearesuppressedi thresholdl’

is calculatedusinga predeterminedunction. The elements
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Figurel: Block diagramof the watermarkingorocess

in D, whoseamplitudesaregreatethanT’, areselectecand
sortedinto anorderedvectors;. Thewatermarkw thatwe
useis a randomvectorof dimensionl. The valuesof @
are=1. First, @ is multiplied by a factorc to increasehe
watermarkenegy. Becausé is very smallcomparedo the
dimensionof 7, denotedby L, we thenstretchit to 17 to
matchthe dimensionof 7 usingthe following equation:

v =i, B < )

An imageW is createdfrom 1? by matchingthe relation-
shipof D and@j (i.e.,if D(i,j) = v4(m), thenW (i, 5) =
u?(m)). The watermarkimage W; is definedby W; =
W — W x g*, wherex denotes2-D corvolution. W; is
addedto I'* andtheresultis scaledo the original size. The
grayscalevaluesarethenroundedandclippedto createthe



watermarledimage.A blockdiagramis givenin Figurel to
illustratethe watermarkingprocess.The mappingbetween
D andwj for thewatermarledimagewill bedifferentfrom
themappingof theoriginalimage.Thereasorof addingi¥;
insteadof W is to suppresshe effect of the watermarking
processsothatthe mappingsfor the watermarledimageis
similar to thatof theoriginal.

The detectionprocessds very similar to the watermark-
ing process.First, the suspecimageis scaledto achieve a
certainenepgy factor Following stepssimilar to the ones
in the previous paragraghwe cancreatea referencavater
markimageWi’r from asuspectmage.Thenanotheimage
S is createcby S = I — It % ¢*, whereI' is the scaled
suspectmage.A testvariableg is definedas

.
P L) — (12)

JvEwihs - s)

where- denotesnner product. By thresholding3, we can
determinef thewatermarkpresentén theimage.Theblock
diagramis givenin Figure2.

4. EXPERIMENTAL RESULTS

Theabovealgorithmis testedonthe“Lena” image which
is a8-bit grayscalemageof size512by 512. Thelengthof
thewatermarkis 20. The enegy rangeis [0.94990.9501].
Empirically, we pick ¢* to be 4, n to be 4 andc to be 2.
To selectthe elementswe first computethe meanof the
largest2% of the valuesandsetthe thresholdT” to be 20%
of themean.Thepeak-to-peakignal-to-noiseatio (PSNR)
is 47.1dB. The original image and the watermarled im-
agesaregivenin Figure3. 3 is -0.0013for the original im-
ageand0.0274for the watermarledimage. A geometrical
transformthat constitutesa scalingby a factorof 1.5,aro-
tationof 1.5° counterclockwiseandan off-centercropping
(which is equivalentto a translationanda cropping)is ap-
pliedontheoriginalimageandthewatermarlkedimage.The
resultsaregivenin Figure4. In this case,s is -0.0023for
the original imageand0.0140for the watermarled image.
Testsonotherimagesshow similarresults.Basically water
markedimagesproducegs largerthan0.01, while original
imagesproduceboth positive and negative 8s with ampli-
tudeson the orderof 10~3. Thereforef we threshold3 at
0.01,we candetectthe presencef thewatermarkcorrectly

5. CONCLUSIONSAND COMMENTS

In this paper we presenta RST resilientimagewater
markingalgorithmusing circular Gaussiarfilters. Instead
of usingspatialsynchronizationye synchronizeéhewater
mark basedon filtering results. The experimentalresults
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Figure2: Block diagramof the detectionprocess

shav the algorithmachieresrobustnesgo rotation,scaling,
translationandsmallamountsof cropping.

Unlike someexisting algorithms[8, 9, 10], increasing
the enegy of the watermarkdoesnot always make it eas-
ier to detect. The detectionprocessequiresthe mappings
betweenD andwy to besimilar for thewatermarledimage
andthe original image. Suchrequiremenwill be violated
whenthewatermarkenenpy is toolarge.

The thresholdof 3 is now determinedbasedon obser
vations. In our future study we will investigatethe false
positive probability to setthe thresholdmore properly We
will alsotestthe robustnessof our algorithmto compres-
sion, histogrammodification,etc.,andadjustthe algorithm
accordinglyif necessary



(a) originalimage (a) originalimage

(b) watermarkdimage (b) watermarkedimage

Figure4: Originalandwatermarled“Lena” imageafterge-

Figure3: Originalandwatermarled“Lena” image .
ometricaltransform
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